Introduction
Atherosclerotic cardiovascular disease (ASCVD) is a leading cause of morbidity and mortality worldwide [1, 2] . Atherosclerosis is a progressive systemic disease resulting in cerebrovascular disease (CBVD), coronary artery disease (CAD), and peripheral arterial disease (PAD) [3] . In diabetic patients with poor glycemic control, the process of atherosclerosis is accelerated. Besides hyperglycemia, hypertension and dyslipidemia are established as independent risk factors for ASCVD. Numerous studies have shown the beneficial effects of controlling these traditional risk factors for the prevention of ASCVD. However, even with control of these traditional risk factors, a substantial risk of ASCVD remains in some cases [4] , which suggests the existence of additional residual risk factors [5] .
The presence of more than one affected vascular bed in the cerebrovascular, coronary, or peripheral arterial systems is called polyvascular disease. Polyvascular disease carries a high risk for cardiovascular mortality [2, 6, 7] , and its prevalence is well established, especially among older individuals [8] [9] [10] . It has also been shown that ASCVD risk increases substantially with an increasing number of affected arterial beds [2, 6, 11] . The increase in cardiovascular event rates with an increasing number of affected vascular beds is suggestive of a progressive, extensive, and systemic disease [12, 13] .
Bilirubin has recently drawn attention as a physiological modulator of oxidative stress in diabetic patients [14] . Bilirubin exerts potent antioxidant properties by scavenging reactive oxygen species [15, 16] . In addition, it exerts antiinflammatory effects on the vasculature [17] [18] [19] . Both oxidative stress and chronic inflammation are essential to the onset and progression of atherosclerosis [20, 21] . Therefore, bilirubin, once considered simply the useless end product of heme degradation, has emerged as a beneficial endogenous inhibitor of atherosclerosis. Consistent with this notion, there are numerous reports that bilirubin concentration is inversely correlated with CBVD [22] [23] [24] [25] , CVD [24, [26] [27] [28] , and PAD [29] [30] [31] [32] . Hypobilirubinemia can now be recognized as a possible residual risk factor for the development of macrovascular disease in diabetic patients.
To the best of our knowledge, there have been no reports that examined the association of bilirubin concentration with the simultaneous presence of atherosclerotic disease of these three vascular beds (CBVD, CAD, and PAD) in the same patient. In addition, there have been no reports concerning the relationship between bilirubin concentration and the number of vascular beds affected by ASCVD. Therefore, we conducted this study to investigate the association between serum bilirubin concentration and the number of macrovascular diseases present in patients with type 2 diabetes.
Materials and methods

Study subjects
We performed a retrospective cross-sectional study of 674 consecutive Japanese patients (446 males and 228 females) with type 2 diabetes mellitus who were admitted to Keio University Hospital for blood glucose control from January 2008 to December 2013. The following patients were excluded from the study: patients receiving hemodialysis or peritoneal dialysis, patients\20 years old, pregnant patients, patients with malignant disease or hematological disease under treatment, patients with liver cirrhosis, patients with liver function test abnormalities [i.e., serum aspartate aminotransferase (AST) or alanine aminotransferase (ALT) level [3 times the upper limit of the normal range], and patients with an unstable hemodynamic condition.
Data collection
Basic demographic data from all patients were collected from medical records, including gender, age, height, weight, duration of diabetes, blood pressure, serum hemoglobin A1c (HbA1c) levels, serum total bilirubin levels, serum AST and ALT levels, estimated glomerular filtration rate (eGFR), and serum lipid levels. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Subjects were evaluated for the presence of diabetic retinopathy by an ophthalmologist using fundoscopy after pupillary dilation. Diabetic nephropathy was defined as a urinary albumin-to-creatinine ratio (ACR) ]30 mg/g creatinine (Cr) or an eGFR \30 ml/min/1.73 m 2 . CBVD and CAD were defined by the presence of a personal history of these diseases. PAD was defined as a history of PAD or current intermittent claudication associated with an ankle brachial index (ABI) \0.9. Hypertension was defined as a systolic blood pressure ]140 mmHg, a diastolic blood pressure ]90 mmHg, and/or prior treatment for hypertension. Dyslipidemia was defined as a serum low-densitylipoprotein (LDL) cholesterol level ]120 mg/dl, a serum high-density-lipoprotein (HDL) cholesterol level\40 mg/dl, a serum triglyceride level ]150 mg/dl, and/or prior treatment for dyslipidemia. Alcohol drinking was defined as a prior or current habit of drinking alcohol. Smoking was defined as prior or current tobacco usage. HbA1c was presented as the equivalent National Glycohemoglobin Standardization Program (NGSP) value. eGFR was calculated using the following formula established by the working group of the Japanese Chronic Kidney Disease Initiative: eGFR (ml min 
Statistical analysis
Serum total bilirubin concentration was compared between patients with and without CBVD, CAD, and PAD, between patients taking and not taking insulin, insulin sensitizer (biguanide and/or thiazolidinedione), renin-angiotensin-aldosterone system blockers [angiotensin II receptor blocker (ARB) or angiotensin-converting enzyme inhibitor (ACEI)], and statin using the nonparametric Mann-Whitney U test. Logistic regression analyses were performed to examine the effects of various factors on the presence of CBVD, CAD, and PAD, and the following factors were considered as independent variables: total bilirubin concentration, BMI, age, gender, duration of diabetes, serum HbA1c levels, eGFR, presence of dyslipidemia, hypertension, and smoking habit. Associations between total bilirubin concentration and the number of complicated macrovascular diseases (CBVD, CAD, and PAD) were analyzed using the nonparametric Jonckheere-Terpstra test. Because only two patients had all three macrovascular diseases, they were combined with those patients with two macrovascular diseases for the Jonckheere-Terpstra test. All statistical analyses were conducted using the Statistical Package for the Social Sciences (version 17.0; SPSS, Chicago, IL, USA). Patient age, duration of diabetes, BMI, and serum HbA1c levels were expressed as mean ± standard deviation. On the other hand, total bilirubin, AST, ALT, eGFR, LDL cholesterol, HDL cholesterol, and triglyceride levels were expressed as the median and interquartile range (IQR) because these parameters were not normally distributed. Values of p \ 0.05 (two-sided) were considered statistically significant.
Results
Patients characteristics Table 1 shows the patient characteristics and laboratory data. The serum total bilirubin concentration of the 674 patients with type 2 diabetes was 0.7 mg/dl (IQR 0.5-0.9 mg/dl). The mean ± SD of age, duration of diabetes, BMI, and serum HbA1c levels were 64.5 ? 14.1 years, 13.9 ? 10.9 years, 25.5 ? 6.3 kg/m 2 , and 9.2 ? 2.2%, respectively. Many patients were complicated by microvascular (retinopathy and nephropathy) and macrovascular (CBVD, CAD, and PAD) diseases. Of 674 patients, 456 had no macrovascular complications. The number of patients with 1, 2, or 3 macrovascular diseases was 166, 50, and 2, respectively. Many patients had hypertension, dyslipidemia, and a smoking habit, all of which are classical ASCVD risk factors.
Of 674 patients, 537 were taking diabetes medication. As oral hypoglycemic agents, 198, 159, 107, 104, 50, and 31 patients were taking sulphonylurea, alfa-glucosidase inhibitor, dipeptidyl-peptidase IV inhibitor, biguanide, thiazolidinedione, and glinide, respectively. As injection therapy, 257 and 6 patients were taking insulin and glucagon-like peptide-1 receptor agonist, respectively. As antihypertensive agents, 287, 269, and 34 patients were taking ARB, calcium channel blocker, and ACEI, respectively. As antidyslipidemic agent, 264 patients were taking statin.
Total bilirubin concentration and macrovascular diseases
Patients with CBVD showed a significantly lower serum total bilirubin concentration than those without CBVD [0. As shown in Table 2 , the total bilirubin concentration [odds ratio (OR) 0360, 95% confidence interval (CI) 0.149-0.868, p = 0.023], age (OR 1.066, 95% CI 1.040-1.093, p \ 0.0001), and presence of hypertension (OR 2.087, 95% CI 1.154-3.773, p = 0.015) were shown bilirubin concentration was not a significant explanatory factor. As shown in Table 3 , there was a statistically significant trend for a decrease in bilirubin concentration with the presence of an increasing number of macrovascular diseases (p = 0.0495). Patients with two (n = 50) or three (n = 2) macrovascular diseases showed the lowest bilirubin concentrations [0.6 mg/dl (IQR 0.5-0.7 mg/dl)], and those without macrovascular disease showed the highest concentrations [0.7 mg/dl (IQR 0.5-0.9 mg/dl)].
Discussion
This study demonstrated that diabetic patients with CBVD and PAD had lower total bilirubin concentrations than those without these vascular complications. Our findings are in agreement with several previous reports [22] [23] [24] [25] [29] [30] [31] [32] . In addition, we demonstrated a significant decrease in the total bilirubin concentration in those patients with an increased number of affected arterial beds. Patients with polyvascular disease, having at least two of the three macrovascular diseases studied (CBVD, CAD, and PAD), showed a lower serum total bilirubin concentration than those with one or no macrovascular disease. A low total bilirubin concentration may be a residual risk factor for ASCVD and cardiovascular mortality. Further studies are warranted to examine whether the inclusion of bilirubin concentration can improve the performance of existing ASCVD risk scores used in routine practice, such as the Framingham risk score [34] .
In this study, the patients taking ARB, ACEI, or insulin showed lower bilirubin concentration than those not taking these medications. The use of insulin sensitizers (biguanide and thiazolidinedione) and statin did not affect bilirubin concentration. Considering that the bilirubin concentration might be regulated at least in part by the state of oxidative Values are expressed as number or median (interquartile range)
J-T Jonckheere-Terpstra test, IQR interquartile range 0, 1, 2, and 3 correspond to the number of complicated macrovascular diseases. The three macrovascular diseases are cerebrovascular disease, coronary artery disease, and peripheral arterial disease stress and chronic inflammation, it was expected that these medications might increase the bilirubin concentration. The reason for our observations is not clear. One possible explanation is that ARB, ACEI, or insulin might be administered to the patients whose bilirubin concentration was originally low. We do not consider that these drugs lowered bilirubin concentration. The patients included in the present study had a long duration of diabetes with poor glycemic control. With regard to known risk factors, hypertension, dyslipidemia, and smoking were present in our patients with prevalence of 62.6, 44.7, and 48.1%, respectively. Collectively, the patients in this study were at an extremely high risk for micro-and macrovascular diseases, and the prevalence of diabetic retinopathy and nephropathy was high in our patients. In addition, many patients were complicated by CBVD (15.0%) and CAD (19.0%). The prevalence of PAD was low (6.4%) compared to that of CBVD and CAD, which suggests the possibility that PAD was underdiagnosed in our subjects. It has been previously reported that two-thirds of PAD patients are asymptomatic and that PAD is often underdiagnosed [35] . According to an analysis of REACH (Reduction of Atherothrombosis for Continued Health) Registry data, patients with PAD at baseline had twice the probability of progression to polyvascular disease within the next 3 years than those with only CBVD or CAD [6] . The timely diagnosis and appropriate treatment of patients with PAD are crucial.
Patients with polyvascular disease have been shown to have higher cardiovascular disease risks than those with single arterial bed disease [2, 6, 11] . The identification of these high-risk patients is important for the prevention of cardiovascular events. Among several screening methods, ABI, which is convenient, inexpensive, and noninvasive, has been shown to be a particularly useful screening method for polyvascular disease [11, 36] . In addition, the reactive hyperemia peripheral arterial tonometry index (RHI), which noninvasively evaluates the peripheral microvascular endothelial function in the microvasculature of the finger, is reported to be useful in identifying patients with polyvascular disease [37] . However, measuring RHI requires specialized equipment, and it is not routinely performed. In this regard, measuring the total bilirubin level is an inexpensive and commonly performed test and is available in most hospital laboratories. Measurement of the serum total bilirubin concentration can provide a simple and clinically useful biomarker of polyvascular disease.
Although the precise mechanisms and pathophysiological conditions that link hypobilirubinemia and ASCVD are not clear, one possible mechanism is vascular endothelial dysfunction. Endothelial dysfunction is involved in all stages of atherosclerosis [38] [39] [40] , and the bilirubinincreasing drug atazanavir improves endothelial function [41] . However, based on our logistic regression analyses, the relationship of bilirubin with CBVD was stronger than that seen with PAD or CAD. There may be heterogeneity in the way the different vascular beds interact with serum total bilirubin concentrations. With regard to the relationship between bilirubin and the locations of the arterial bed, heterogeneity might exist. Further studies are warranted to determine whether unique mechanisms are involved between the CBVD and total serum bilirubin concentration specifically.
Our study has several limitations. First, we used only a single blood sample for measurement of the total bilirubin concentration. Plasma bilirubin concentrations exhibit substantial variability within individuals [42] . Second, the cross-sectional study design, with a relatively small number of subjects, cannot establish causality between bilirubin concentration and ASCVD. The possibility of reverse causation cannot be excluded. In addition, the presence of various biases and confounding factors cannot be excluded. Large-scale prospective studies are needed to address these points. Third, our subjects were treated at a university hospital, and our results may not be applicable to the general population of patients with type 2 diabetes treated in a primary care setting. Finally, the patient history of ASCVD (CBVD, CAD, and PAD) was not confirmed objectively. Incorrect information regarding the patients' ASCVD history may have hindered a precise evaluation of the relationship between bilirubin and ASCVD. More reliable criteria to document the presence of ASCVD are needed.
In conclusion, our study demonstrated that a decreased serum total bilirubin concentration is associated with an increased likelihood for the presence of polyvascular disease in patients with type 2 diabetes mellitus. The total bilirubin concentration can provide a useful clinical biomarker that identifies type 2 diabetes patients with a high risk of polyvascular disease. Further studies, including prospective epidemiological studies, are needed to better understand the role of bilirubin in determining a patient's susceptibility to polyvascular disease.
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